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ABSTRACT

A device for counting oscillations of an oscillating temporal

signal. The device comprises means for counting all the alter-
nate crossings of a positive threshold value and of a negative
threshold value by a monitored time signal.

9 Claims, 6 Drawing Sheets
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DEVICE FOR COUNTING OSCILLATIONS
OF AN OSCILLATING TEMPORAL SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of French Patent Appli-
cation 08 03341, filed on Jun. 16, 2008, which 1s hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a device for counting oscil-
lations of an oscillating time signal. The present invention
applies to any type of oscillating time signal, 1n particular a
sinusoidal signal or a trnangular signal, and 1t 1s intended for
the counting of a limited number of oscillations (or of peri-
ods) of this time signal 1n a given time window.

DESCRIPTION OF THE PRIOR ART

Such a device can offer a very large number of applications,
and 1n particular be used for the detection of oscillatory fail-
ures, 1n particular in a flight control system of an aircratt.
From document FR-2 893 911, a method of detecting oscil-
latory failures of this type 1s known.

BRIEF DESCRIPTION OF THE INVENTION

According to the mvention, said device for counting oscil-

lations of a time si1gnal 1s noteworthy 1n that 1t comprises:

a lirst comparator which receives said time signal and
which compares it to a first threshold value which 1s
positive;

a first AND logic gate, a first input of which 1s linked to the
output of said first comparator;

a first two-1nput bistable tlip-tlop, a signal input ot which 1s
linked to the output of said first AND logic gate;

a first inverter which 1s mounted between the output of said
first bistable flip-flop and the second mput of said first
AND logic gate;

a second comparator which also receives said time signal
and which compares it to a second threshold value which
1s negative, the output of said second comparator being
linked to an mitialization iput of said first bistable
tlip-flop;

a second AND logic gate, a first input of which 1s linked to
the output of said second comparator;

a second two-input bistable flip-tlop, a signal input of
which 1s linked to the output of said second AND logic
gate, and an mnitialization input of which 1s linked to the
output of said first comparator;

a second 1nverter which 1s mounted between the output of
said second bistable flip-flop and the second input of
said second AND logic gate;

an OR logic gate, the two imnputs of which are linked respec-
tively to the outputs of said first and second AND logic
gates, and the output of which controls a switching
means to generate a unit value intended to increment a
counter, each time said time signal exceeds, alterna-
tively, one of said first and second threshold values; and

said counter which 1s thus incremented and which handles
the counting of the oscillations of said oscillating time
signal.

Thus, thanks to the invention, a device 1s obtained which

makes 1t possible to count, 1n a particularly simple and effec-
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2

tive manner, all the oscillations of any oscillating time signal,
for example of sinusoidal form or of triangular form.

In the context of the present invention, an oscillation can be
characterized by crossings of threshold values, successively
positive and negative, such as the abovementioned first and
second threshold values. Preferably, said first and second
threshold values, one of which 1s positive and the other nega-
tive, have the same absolute value. Obviously, these first and
second threshold values can have different absolute values.

As specified hereinbelow, the device for counting oscilla-
tions, according to the invention, offers many advantages, and
in particular:

it 1s simple from an algorithmic point of view;

it offers a limited calculating cost, which means that 1t can

be implemented 1n real time 1n a computer, for example
a tlight control computer of an aircrait, while avoiding
overloading that computer;

it avoids having to use a frequency analysis, which 1s much

more complex; and

1t does not require any specific sensor or gauge and it has no

negative impact on the weight budget, particularly when
it 1s used to detect oscillatory failures 1n a flight control
system of an aircratt.

In a particular embodiment, said oscillation counting
device comprises, in addition, at least one bandpass filtering
means for filtering the time signal before transmitting it to
said first and second comparators.

Furthermore, as a variant or complement, said oscillation
counting device comprises, 1n addition, a high-pass filtering
means for filtering the time signal before transmitting it to
said first and second comparators. The latter embodiment
makes 1t possible, for example, to filter the time signal, when
it does not present a zero average, to bring 1t to a zero average,
betore applying to 1t the abovementioned count according to
the mvention.

Moreover, 1n a preferred embodiment, said oscillation
counting device comprises, 1n addition, a comparison means
for comparing the value obtained from said counter with a
predetermined value and for sending an output signal imme-
diately said value obtained from said counter, which repre-
sents the number of half-periods of oscillations counted,
becomes greater than said predetermined value.

This preferred embodiment makes 1t possible to detect the
overshoot by the monitored signal of a predetermined number
of oscillations. Such an overshoot can 1n particular be due to
an oscillatory failure as described hereinabove.

In this preferred embodiment, said counting device advan-
tageously comprises, 1n addition:

means for previously breaking down the oscillating time

signal into a plurality of frequency bands; and

means for performing a separate count in each duly formed

frequency band.

This makes 1t possible to set the detections differently 1n
cach frequency band and make the detection more robust.

Furthermore, 1n a particular embodiment, said counting
device comprises, 1n addition, a delay unit which stores a unit
value at the output of the OR logic gate for a predetermined
duration before sending it to an auxiliary means mounted at
the output of said counter to decrement the latter as appropri-
ate. This particular embodiment makes it possible to count
only the oscillations above a certain frequency and avoid
keeping the transient threshold overshoots for too long in
memory. In the case of a detection of oscillatory failures, such
transient threshold overshoots are not due to a failure and can
lead to a false alarm.

The counting device according to the invention, as
described hereinabove, can be used 1n many different appli-
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cations. It can 1n particular be employed to check the validity

ol a measurement of a sensor or to detect an oscillation of any

signal.

However, 1n the preferred application, said counting device
1s used 1n the detection of oscillatory failures relating to at
least one position-mode servo-control subsystem of a control
service of an aircrait. In this case, the present invention can be
applied to a servo-control subsystem:

which 1s designed to servo-control the position of all types

of aircrait control surfaces, such as ailerons, spoilers or
an elevator for example;

which 1s part of an electrical flight control system of the

aircralt; and

which comprises:

said control surtace which 1s mobile, and the position of
which relative to the aircralt 1s set by at least one
actuator,

said actuator (or servo-control) which sets the position
of said control surface, according to at least one
recetved actuation order;

at least one sensor which measures the actual position of
said control surface; and

a computer which generates a control surface actuation
order, transmitted to said actuator, in particular from
said measured actual position and a control order
calculated by an automatic pilot or based on the action
of the pilot on a control column and the inertial status
of the aircratt.

It 1s known that such a servo-control subsystem comprises
clectrical components which, 1n a failure mode, are liable to
generate a spurious signal which can cause the servo-con-
trolled control surface to oscillate. Such a phenomenon 1s
called “oscillatory failure”. One possible cause of the oscil-
lation 1s the malfunction or the breakdown of a mechanical
part of the servo-control.

The present invention relates to a device for automatically
detecting an oscillatory failure of the abovementioned type.
To this end, this automatic detection device comprises:
first means for estimating, using said control surface control

order, a theoretical position corresponding to a reference

position of said control surface 1n the absence of failure;
second means for calculating the difference between said
theoretical position estimated by said first means and the

actual position measured by said sensor so as to form a

residual value; and

third means for:

comparing this residual value to at least one predetermined
threshold value;

performing a count of all the successive and alternate over-
shoots of said predetermined threshold value by said
residual value; and

detecting an oscillatory failure immediately the number
resulting from said count becomes greater than a predeter-
mined number.

According to the invention, said device for automatically
detecting an oscillatory failure in a control subsystem of an
aircrait control surface 1s noteworthy 1n that said third means
comprise an oscillation counting device, such as that men-
tioned above.

The present invention also relates to an electrical tlight
control system of an aircrait, of the type comprising:

a set of information sources which generate 1n real time
information intended for a position-mode servo-control
subsystem of a control surface and which comprise, for
example, a control column and sensors that can measure
different parameters of the aircrait, such as the angle of
incidence for example; and
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at least one position-mode servo-control subsystem of this
control surface, of the type mentioned above.

According to the mvention, this electrical flight control
system 1s noteworthy 1n that 1t comprises, 1n addition, at least
one device for automatically detecting oscillatory failures, as
described previously.

BRIEF DESCRIPTION OF THE DRAWINGS

The figures of the appended drawing will give a clear
understanding of how the mvention can be implemented. In
these figures, 1dentical references designate similar elements.

FIG. 1 1s the block diagram of a device for counting oscil-
lations of an oscillating time signal, according to the mven-
tion.

FIG. 2 diagrammatically represents the successive binary
states of several elements of the counting device of FIG. 1, 1n
the case of an overshoot of a threshold value.

FIG. 3 diagrammatically illustrates a non-zero average
oscillatory failure.

FIG. 4 shows the oscillatory failure of FI1G. 3 after a filter-
ing performed by a high-pass filter.

FIG. 5 1s the block diagram of a particular embodiment of
the counting device according to the mvention.

FIG. 6 diagrammatically illustrates the detection of an

oscillatory failure by counting around a known particular
component of the time signal to be monitored.

FIG. 7 diagrammatically 1llustrates a position-mode servo-
control subsystem of an aircrait control surface, which com-
prises a device for automatically detecting an oscillatory fail-
ure, according to the mvention.

FIG. 8 1s the block diagram of a device for automatically
detecting an oscillatory failure, according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The device 1 according to the mvention and diagrammati-
cally represented in FIG. 1 1s designed to perform the count-
ing of any oscillating time signal S, for example of sinusoidal
form or of triangular form.

In the context of the present invention, an oscillation can be
characterized by crossings of threshold values, successively
positive and negative, such as the threshold values VS1 and
V82 specified hereinbelow.

According to the mvention, said counting device 1 com-
prises at least one counting assembly 2 which comprises:

a comparator 3 which recerves said time signal S to be moni-
tored and which compares 1t to a threshold value VSI1
which 1s positive and which 1s supplied by a means 18, for
example a storage means or a data input means;

an AND logic gate 4, a first mnput of which 1s linked to the
output of said comparator 3;

a two-1nput bistable tlip-flop 5, a signal input E1 of which 1s
linked to the output of said AND logic gate 4;

an mverter 6 which 1s mounted between the output of said
bistable tlip-tlop 5 and the second 1nput of said AND logic
gate 4,

a comparator 7 which also receives said time signal S and
which compares it to a threshold value VS2 which 1s nega-
tive and which 1s supplied by a means 19, for example a
storage means or a data input means, the output of said
comparator 7 being linked to an initialization mput E2 of
said bistable tlip-flop 3;

an AND logic gate 8, a first mnput of which 1s linked to the
output of said comparator 7;
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a two-1nput bistable tlip-flop 9, a signal input E1 of which 1s
linked to the output of said AND logic gate 8, and an
initialization mput E2 of which 1s linked to the output of

said comparator 3;
an mverter 10 which 1s mounted between the output of said

bistable flip-tlop 9 and the second input of said AND logic

gate 8;
an OR logic gate 11, the two iputs of which are linked

respectively to the outputs of said AND logic gates 4 and 8,

and the output of which controls a switching means 12 for

generating a unit value (*1”) itended to increment a

counter 13, each time said time signal S exceeds, alterna-

tively, one of said threshold values VS1 and VS2, as speci-
fied hereinbelow; and

said counter 13 which 1s thus incremented and which per-
forms the counting of the oscillations of said oscillating,

time signal S.

The means 3, 4, 5 and 6 are intended for the detection of a
crossing, by the signal S, of the threshold value VS1, and the
means 7, 8, 9 and 10 are intended for the detection of a
crossing, by the signal S, of the threshold value VS2.

Furthermore, each bistable flip-tlop 5 and 9, 1n the usual
manner, presents two stable states (one of which 1s repre-
sented by the binary digit O and the other of which 1s repre-
sented by the binary digit 1), and 1t can toggle from one state
to the other, as specified hereinbelow.

The operating principle of the device 1 1s as follows. An
incrementation of the counter 13 1s produced each time a
crossing of a threshold value VS1, VS2 1s detected. The next
incrementation takes place when a crossing of the other
threshold value 1s detected. Consequently, only alternating
overshoots which reflect an oscillation are counted, the value
V51 being positive and the value VS2 being negative. Pret-
erably, although not exclusively, said threshold values V51
and VS2 have the same absolute wvalue S0, that 1s
IVS1I=IVS2|=S00r VS1=+S0 and VS2=-50. Each overshoot
of a threshold value blocks a flip-flop 5 or 9 1n a state which 1s
reset to 0 (remmtialized) only after an overshoot in the other
direction. This makes it possible to count only a single unitary
value on passing a threshold value VS1 and VS2 and so avoids
incrementing the counter 13 throughout the time when the
time signal S remains above this threshold value.

A crossing of the threshold value +S0 (or VS1) 1s detailed
with reference to FIG. 2 which shows the successive output
binary states (of value Oor 1) of several elements of the device
1 of FIG. 2 (according to the value of the signal S relative to
this threshold value +50), namely:
on the line L1, the output of the comparator 3;
on the line L2, the output of the inverter 6;
on the line L3, the output of the bistable flip-tlop §; and
on the line L4, the output of the AND logic gate 4.

Atannstant n, as long as the time signal S 1s situated below
the threshold value VS1, namely +S0, the output of the com-
parator 3 1s in the O state (false). The output of the AND logic
gate 4 remains at 0. The output of the bistable flip-tlop § also
remains at 0. It 1s 1 fact initialized at 0. The output of the
iverter 6 gives a 1 state (true) which will be taken into
account on the next instant n+1. When the time signal S
crosses the threshold value +50, the output of the comparator
3 changes to the 1 state and, since the second input of the AND
logic gate 4 1s also at 1, the output of this AND logic gate 4
changes to 1, which provokes the transition to the 1 state of the
bistable flip-tlop 5. At the next instant, the signal S still being,
above the threshold value +50, the output of the comparator 3
1s again at 1, but the output of the imnverter 6 changes to 0,
which results in the transition to 0 of the output of the AND
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logic gate 4. The latter logic gate 4 therefore makes i1t possible
to count only a single crossing (a unitary value “1””) when the
threshold +S0 1s crossed.

As for the bistable tlip-tlop 3, it remains blocked 1n the
preceding state, that 1s, 1. To this end, a property of the
bistable flip-tflop S with priority RESET used 1n the device 1
1s used: when the signal mput E1 i1s at 0, the output at the
instant n 1s equal to the output at the instant n—-1. Only a
transition to 1 of the mitialization input E2 leads to a reset to

0 of the output of the flip-flop 5. This condition 1s assured by
the crossing of the threshold value VS2 (-S0). The bistable

tlip-tlop 5 then changes to 0, which leads to the transition to 1
of the first input of the AND logic gate 4. However, since the
signal 1s no longer greater than the threshold value +S0, the
output of the comparator 3 1s at 0, and the output of the AND
logic gate 4 also changes to 0.

On a crossing of the threshold value —S0, the same logic (as
that described hereinabove) 1s implemented using the means
7, 8,9 and 10 of the device 1. In this case, it 1s the crossing of
the threshold value +S0 which resets the bistable flip-flop 9,
which ensures that only a single crossing 1s counted on the
crossing of the threshold value —S0. The bistable tlip-flop 9 1s
identical to the bistable tlip-tlop 5 and therefore exhibits the
characteristics presented hereinabove.

Moreover, the OR logic gate 11, which has for its inputs the
outputs of the AND logic gates 4 and 8, makes 1t possible to
generate a digital value +1 when an overshoot of the threshold
value +S0 (VS1) or of the threshold value -S0 (VS2) 1s
detected, thanks to the activation of the switching means 12
(which 1s brought to the value 1). If no threshold overshoot 1s
signaled, the value 0 1s selected.

Furthermore, 1n a particular embodiment, said counting
device 1 comprises, 1n addition, a delay unit 14 which stores
a unit value (value 1) at the output of the OR logic gate 11 for
a predetermined duration, before sending it to an auxiliary
means 15 mounted at the output of said counter 13 to decre-
ment the latter as approprate.

This particular embodiment makes it possible to count only
the oscillations above a certain frequency and avoid keeping
transient threshold overshoots for too long 1n memory. In the
case of a detection of oscillatory failures, such transient
threshold overshoots are not due to a failure and can lead to a
false alarm. In fact, thanks to said delay unit 14, the counter 13
1s decremented by the value that it had T seconds before. T 1s
a function of the minimum frequency Imin from which a
detection can be made and of the number of periods P that
must be detected so that: T=P/tmin. If T seconds previously,
a threshold crossing was detected, the delay unit 14 decre-
ments the counter 13 (by units). On the other hand, 1f no
overshoot has been detected, the counter 13 i1s not decre-
mented. Said counting assembly 2 therefore counts the num-
ber of oscillation half-periods.

Moreover, 1n a preferred embodiment, said counting device
1 comprises, 1n addition, a comparison means 16 for compar-
ing the value obtained from said counter 13 (via the means 15)
to a predetermined value (which 1s, for example, stored in a
storage or data input means 17) and to send an output signal
(via a link 16A) immediately said value obtained from said
counter 13, which represents the number of oscillation hali-
periods counted, becomes greater than said predetermined
value.

This preferred embodiment of the device 1 therefore makes
it possible to detect the overshoot by the signal S of a prede-
termined number of oscillations. Such an overshoot can, 1n
particular, be due to an oscillatory failure as specified here-
inbelow.
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The comparison means 16 therefore verifies whether the
value of the counter 13 1s greater than the number of confir-
mation half-periods desired. If such 1s the case, the Boolean
that 1t produces changes to the 1 state, indicating, for
example, the presence of a failure.

The device 1 for counting oscillations, according to the
invention, presents numerous benefits, and 1n particular:
it 1s stmple from an algorithmic point of view;
it offers a limited calculation cost, which means that 1t can be

implemented in real time in a computer, for example a

thght control computer of an aircrait, while avoiding over-

loading that computer;

it avoids having to use a frequency analysis, which 1s much
more complex; and

it does not require any specific sensor or gauge and it has no
negative impact on the weight budget, particularly when 1t
1s used to detect oscillatory failures 1n a flight control
system ol an aircratit.

In a particular embodiment, said device 1 for counting
oscillations comprises, 1n addition, a bandpass {filtering
means forming part of a unit 20 for filtering the time signal S
before transmitting 1t to said comparators 3 and 7.

Furthermore, as a variant or as a complement, said device
1 for detecting oscillations comprises, 1n addition, a high-pass
filtering means also forming part of the umt 20, for filtering
the time signal S before transmitting 1t to said comparators 3
and 7. The latter embodiment makes 1t possible, for example,
to filter the time signal S when 1t does not present a zero
average, to bring 1t to a zero average, before applying to 1t the
abovementioned counting according to the mvention. It 1s
known that, in particular, in the case of an oscillatory failure
located 1n a servo-control loop, the spurious signal generated
by a component in failure mode 1s not necessarily of zero
average value.

FIG. 3 represents a non-zero average oscillatory failure.
The oscillatory failure, revealed by a signal S1, 1s represented
as a function of the time t (expressed, for example, 1n sec-
onds). A count around the 0 value 1s ineffective. Thus, after a
filtering applied by the abovementioned high-pass filtering
means, the filtered signal S1F represented mn FIG. 4 1s
obtained, for which a count around the O value can be applied
by the counting assembly 2 of the counting device 1 accord-
ing to the mvention.

Moreover, 1n a particular embodiment represented 1n FIG.
5, said device 1 comprises:
filtering means 22A, 22B and 22C to previously break down

the oscillating time signal S respectively 1nto a plurality of

different frequency bands; and

a plurality of counting assemblies 2A, 2B and 2C (similar to
the assembly 2 described previously) which are linked
respectively to the filtering means 22A, 22B and 22C and
which are formed to perform a separate count in each
frequency band formed by these filtering means.

As an 1illustration, this particular embodiment can break
down the time signal S being studied 1nto three frequency
bands B1, B2 and B3 such that:
the band B1 presents frequencies F of 1 to 3 Hz;
the band B2 presents frequencies F of 3 to 5 Hz; and
the band B3 presents frequencies F of 5 to 10 Hz.

Said filtering means 22A, 22B and 22C also make 1t pos-
sible to limit a counting of the transient threshold overshoots
and to filter very low frequencies for which there 1s no desire
for detections. To this end, time windows are defined, outside
of which the threshold value overshoots are no longer taken
into account. Furthermore, the size of each time window can
be adapted to the frequency of each start-of-band. Once the
frequency 1s increased, the size of the corresponding time
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window reduces, and transients are more rapidly eliminated.
Another benefit of the breakdown 1nto frequency bands B1 to
B3 1s that different failure levels can be set, as a function of the
frequency, which corresponds to a reality at the level of the
loads on the structure of the aircraft. As an illustration, 1t may
be required to detect failures of 1° between 1 and 3 Hz,
failures o1 2° between 3 and S Hz, and failures 01 0.5° between
S and 10 Hz.

Furthermore, the breakdown into frequency bands Bl to
B3 makes 1t possible to retain only the frequency components
that are of interest, so that the processing operations are
performed on residual values which are not disturbed by

spurious frequencies.
Said filtering means 22A, 22B and 22C therefore contrib-

ute to the robustness of the device 1 according to the 1nven-
tion.

Moreover, 1t may be necessary to count the oscillations
around a known particular component P1 of the signal, as
represented 1n FIG. 6. In the example of FIG. 6, a failure
appears for the signal S at an instant I. In this case, the device

1 according to the invention i1s formed 1n such a way as to
countthe crossings F1, F2, F3, F4, F5, F6,F7, ... of threshold
values P1+S0 and P1-S0 on the time signal S being moni-
tored (from the instant I). These threshold values P1+S0 and
P1-S0 are supplied to the comparators 3 and 7 respectively by
the means 18 and 19.

The component P1 (about which a count 1s performed) can
be:
either a constant;
or a variable value, as represented i FIG. 6 (where P1 1s a

sinusoidal value).

The counting device 1 according to the invention, as
described hereinabove, can be used 1n numerous different
applications. It can in particular be employed to verily the
validity of a measurement of a sensor or to detect oscilla-
tions of any time signal.

However, 1n a preferred application, said device 1 1sused in
the detection of oscillatory failures relating to at least one
position-mode servo-control subsystem 21 (represented in
FIG. 7) of an aircrait control surface 23. In this case, the
present invention can be applied to a position-mode servo-
control subsystem of at least one control surface 23 such as an
alleron, a spoiler, an elevator, or a rudder of a transport air-
plane.

Usually, this servo-control subsystem 21 forms part of an
clectrical flight control system 24 of the aircraft and com-
Prises:
said control surface 23 which 1s mobile, by being able to be

turned as illustrated by a double arrow E 1n FI1G. 7, and the

position of which relative to the structure of the aircraift is

set by at least one usual actuator 25;
said actuator which sets the position of said control surface

23, for example through the intermediary ofarod 26 which

acts on the latter, according to at least one actuation order

recerved via a link 27;
at least one sensor 28, 29 which measures the effective posi-

tion of said control surface 23. To this end, 1t can be a sensor

28 which 1s directly associated with the control surface 23

and/or a sensor 29 which measures, for example, the dis-

placement of the rod 26 of the actuator 25; and

a computer 30, for example a tlight control computer:
which receives control information from means 31, via a link

31A. These means 31 are usual means for generating con-

trol information and comprise, for example, a control col-
umn which can be actuated by a pilot of the aircrait and
inertial sensors;
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which generates 1n the usual way a control surface control
order, using an integrated computation means 32 which
contains piloting laws and which uses, for this generation,
control information (action of the pilot on the control col-
umn, parameters which indicate the position of the aircraft
about its center of gravity, load factors to which 1t 1s sub-
ject) recerved from said means 31;

which recetrves the actual position measured by the sensor or
sensors 28, 29 via a link 33 via an input 34 of analog type
(and a means 36);

which calculates, from the preceding information (control
surface control order and measured actual position), said
actuation order, using an integrated computation means 37
that takes account of a predetermined gain; and

which transmits this actuation order to a servo-valve 38 of the
actuator 25, via the link 27 via an output 35 of analog type.
All the elements of this servo-control subsystem 21 which

contain electronic components, and 1n particular the sensors

28, 29, the analog mput 34, the analog output 35, etc., are

sources of oscillatory failures, that 1s, of failures that are liable

to generate a spurious electrical signal which can cause the
control surface 23 to oscillate.

Said electrical flight control system 24 comprises, 1n addi-
tion to said servo-control subsystem 21, a device 41 according,
to the 1nvention which 1s mtended to detect any oscillatory
failure of the abovementioned type.

To do this, said detection device 41 comprises, as repre-
sented 1n FIG. 8:
means 39 for determining a theoretical position which corre-

sponds to a reference position of the control surface 23 1n
the absence of oscillatory failure and which conforms to
the control surface control order. This theoretical position

1s determined using the control surface control order gen-

crated by said computation means 32 and received via a

link 40 (which 1s, for example, linked to the output of said

computation means 32), as well as the theoretical position
estimated at the preceding instant, the output of the means

39 being reinjected at mnput;

a computation means 435 for calculating the difference
between the actual position of the control surface 23
(which 1s measured by the sensor 28, 29 and which 1s
received via a link 42 which 1s, for example, linked to said
link 33) and the theoretical position (which 1s determined
by said means 39 and which is received via a link 44) so as
to form a residual value; and

a processing unmit 43 which 1s linked via a link 46 to said
computation means 435 and which comprises a counting
device 1 according to the ivention.

This counting device 1 1s intended to:
compare this residual value to at least one predetermined

threshold value SO:

perform a count of all the overshoots which are both succes-
stve and alternate of said threshold value S0 by said
residual value; and

detect an oscillatory failure immediately the number resulting
from said count becomes greater than a predetermined
number.

Thus, said detection device 41 compares the real operation
of the servo-control subsystem 21 being monitored (which 1s
illustrated by the measured actual position of the control
surface 23), to an 1deal operation expected without failure
(which 1s 1llustrated by said calculated theoretical position of
the control surface 23), which makes 1t possible to reveal any
oscillatory failure when 1t occurs.

Consequently, said detection device 41 1s able to detect, in
the servo-control subsystem 21 being monitored, any oscil-
latory failure of a given minimum amplitude 1n a given num-
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ber of periods. Furthermore, this detection 1s particularly
robust, since 1t does not provoke false alarms. Furthermore,
the device 41 makes 1t possible to detect all the failure modes
that exist 1n the servo-control subsystem 21 of the abovemen-
ioned type, and 1t can be applied to any type of aircratt.

We claim:

1. A device for counting oscillations of an oscillating time
signal, which comprises:

a first comparator which recerves said time signal and
which compares it to a first threshold value which 1s
positive;

a first AND logic gate, a first input of which 1s linked to the
output of said first comparator;

a first two-1nput bistable flip-flop, a signal input of which 1s
linked to the output of said first AND logic gate;

a first inverter which 1s mounted between the output of said
first bistable tlip-tlop and the second input of said first
AND logic gate;

a second comparator which also recerves said time signal
and which compares i1t to a second threshold value which
1s negative, the output of said second comparator being
linked to an initialization mput of said first bistable
tlip-tlop;

a second AND logic gate, a first input of which 1s linked to
the output of said second comparator;

a second two-input bistable flip-flop, a signal input of
which 1s linked to the output of said second AND logic
gate, and an mitialization input of which 1s linked to the
output of said first comparator;

a second mverter which 1s mounted between the output of
said second bistable flip-flop and the second input of
said second AND logic gate;

an OR logic gate, the two mputs of which are linked respec-
tively to the outputs of said first and second AND logic
gates, and the output of which controls a switching
means to generate a umt value mtended to increment a
counter, each time said time signal exceeds, alterna-
tively, one of said first and second threshold values; and

said counter which is thus incremented and which handles
the counting of the oscillations of said oscillating time
signal.

2. The device as claimed 1n claim 1, which comprises, 1n
addition, a delay unit which stores a unit value at the output of
the OR logic gate for a predetermined duration before sending
it to an auxiliary means mounted at the output of said counter
to decrement the latter as appropriate.

3. The device as claimed 1n claim 1, which comprises, 1n
addition, at least one bandpass filtering means for filtering the
time signal before transmitting it to said first and second
comparators.

4. The device as claimed 1n claim 1, which comprises, 1n
addition, a high-pass filtering means for filtering the time
signal before transmitting 1t to said first and second compara-
tors.

5. The device as claimed 1n claim 1, which comprises, 1n
addition, a comparison means for comparing the value
obtained from said counter with a predetermined value and
for sending an output signal immediately said value obtained
from said counter, which represents the number of half-peri-
ods of oscillations counted, becomes greater than said prede-
termined value.

6. The device as claimed 1n claim 1, which comprises, in
addition:

means for previously breaking down the oscillating time
signal into a plurality of frequency bands; and

means for performing a separate count in each duly formed
frequency band.




US 8,203,327 B2

11

7. The device as claimed 1n claim 1, wherein said first and
second threshold values present the same absolute value.

8. A device for automatically detecting at least one oscil-
latory failure 1n at least one position-mode servo-control sub-
system ol at least one control surface of an aircraft, said s
subsystem forming part of an electrical tlight control system
of the aircraft and comprising;:

said control surface which 1s mobile, and the position of

which relative to the aircraft 1s set by at least one actua-

12

performing a count of all the successive and alternate
overshoots of said predetermined threshold value
by said residual value; and

detecting an oscillatory failure immediately the num-
ber resulting from said count becomes greater than
a predetermined number,

wherein said third means comprise an oscillation count-
ing device, as specified under claim 1.

{or;
said actuator which sets the position of said control surface,
according to at least one received actuation order;

at least one sensor which measures the actual position of

said control surface; and

a computer which generates a control surface control order,

which recerves said measured actual position and which

deduces therefrom an actuation order which 1s transmait-

ted to said actuator,

said device comprising:

first means for estimating, using said control surface
control order, a theoretical position corresponding to
a reference position of said control surface in the
absence of failure:

second means for calculating the difference between
said theoretical position estimated by said first means
and the actual position measured by said sensor so as
to form a residual value; and

third means for:
comparing this residual value to at least one predeter-

mined threshold value;
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9. An electrical flight control system of an aircraft, said
system comprising at least one means for generating a control
surface control order for at least one control surface of the
aircraft and at least one position-mode servo-control sub-
system of this control surface, which comprises:

said control surface which 1s mobile, and the position of

which relative to the aircrait 1s set by at least one actua-
tor;

said actuator which sets the position of said control surface,

according to at least one received actuation order;

at least one sensor which measures the actual position of

saild control surface; and

a computer which generates said control surface control

order, which recetves said actual position and which
deduces therefrom an actuation order which 1s transmut-
ted to said actuator, which comprises, in addition, at least
one device for automatically detecting at least one oscil-
latory failure in said servo-control subsystem, as speci-
fied under claim 8.
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